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MEMORANDUM FOR FILE 

T h i s  memorandum i s  a supplement t o  t h e  S p a c e c r a f t  
Weight Performance C a l c u l a t i o n s  memorandum dated Nbvember 2 5 ,  
1 9 6 4 .  

The a t t a c h e d  e q u a t i o n s  f o r  t o t a l  s p a c e c r a f t  weight  
a t  i n j e c t i o n ,  LEM s e p a r a t i o n  weight ,  and LEM weight a t  l u n a r  
l aunch  were o r i g i n a l l y  worked out  as a means of check ing  com- 
p u t e r  g e n e r a t e d  v a l u e s  f o r  sdme of t h e  s p a c e c r a f t  s e n s i t i v i t i e s  
p r e s e n t e d  i n  t h e  November 25  memorandum. I n  a d d i t i o n  t o  s e r v i n g  
as a check ,  t h e  e q u a t i o n s  r e a d i l y  p r o v i d e d  t h e  s e n s i t i v i t i e s  o f  
these  t h r e e  f u n c t i o n s  t o  t h e  s p a c e c r a f t  weight  l o s s e s  due t o  t h e  
u s e  o f  expendab les  d u r i n g  each of t h e  m i s s i o n  p h a s e s .  These 
p a r t i c u l a r  s e n s i t i v i t i e s  cannot  r e a d i l y  be  o b t a i n e d  by t h e  com- 
p u t e r  program a t  t h e  p r e s e n t  t ime.  

The t h ree  e q u a t i o n s  have a d d i t i o n a l  v a l u e  i n  c l e a r l y  
showing what parameters a f f e c t  t h e  s e n s i t i v i t i e s .  The b r a c k e t e d  
q u a n t i t i e s  i n  each  term r e p r e s e n t  t h e  s e n s i t i v i t y  o f  t h e  e n t i r e  
f u n c t i o n  t o  t h e  weight  component shown i n  f r o n t  ef' each  term. 
It can  be r e a d i l y  s e e n  f o r  example, t h a t  t h e  s e n s i t i v i t i e s  t o  
each  o f  t h e  v a r i o u s  s p a c e c r a f t  weight components are  dependent  
on ly  on t h e  AV budget  and t h e  engine  per formance  p a r a m e t e r s  

b. 

( u  = g o I s p ) .  

Although these  e q u a t i o n s  a p p e a r  somewhat cumbersome, 
t h e y  can  s e r v e  as a q u i c k  and a c c u r a t e  means of e v a l u a t i n g  t h e  
e f f e c t  o f  v a r i o u s  changes i n  s p a c e c r a f t  weights on o v e r a l l  space -  
c r a f t  weight  per formance .  It i s  on ly  n e c e s s a r y  t o  e v a l u a t e  t h o s e  
terms i n v o l v i n g  changes from some r e f e r e n c e  c o n d i t i o n  by m u l t i p l y -  
i n g  t h e  amount of  t h e  change b y  t h e  a s s o c i a t e d  s e n s i t i v i t y .  The 
a l g e b r a i c  summation o f  a l l  t h e  'terms a f f e c t e d  w i l l  p r o v i d e  t h e  
t o t a l  change from t h e  r e f e r e n c e .  
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The e q u a t i o n s  p r e s e n t e d  here  are  n o t  n e c e s s a r i l y  
r e s t r i c t e d  t o  u s e  i n  c a s e s  i n v o l v i n g  t h e  same e n g i n e  p e r f o r -  
mance and  AV budge t .  They are p e r f e c t l y  v a l i d  f o r  v a r i a t i o n s  
i n  t hese  parameters as w e l l ;  however, t h e i r  u se  i s  much more 
t e d i o u s  s i n c e  t h e s e  parameters appear i n  s o  many o f  t h e  terms 
i n  each  of t h e  e q u a t i o n s .  For  example, t o  e v a l u a t e  t h e  e f f ec t  
o f  a change i n  AV r e q u i r e d  f o r  t h e  f i r s t  t r a n s l u n a r  midcourse  
c o r r e c t i o n  (AV ) on t h e  t o t a l  s p a c e c r a f t  weight a t  i n j e c t i o n ,  
i t  would be nehgssa ry  t o  compute and summarize v a l u e s  f o r  20 
o f  t h e  2 1  terms i n  t h a t  e q u a t i o n .  

To a v o i d  c l a s s i f i c a t i o n  of  t h i s  memorandum, numer i ca l  
v a l u e s  f o r  b r a c k e t e d  terms of t h e s e  e q u a t i o n s  based on the  
p r e s e n t  e n g i n e  per formance  and AV budget  have not  been inc l t tded .  
Values  f o r  a l l  terms e x c e p t  t h o s e  i n v o l v i n g  expendables  
(EX1 THRU EX1 ) are a v a i l a b l e  i n  t h e  s p a c e c r a f t  s e n s i t i v i t i e s  

t h e  weights of s p a c e c r a f t  expendables  can  b e  o b t a i n e d  by con- 
t a c t i n g  t h e  a u t h o r .  

p r e s e n t e d  i n  l he November 25 memorandum. The s e n s i t i v i t i e s  t o  
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